Anti-vibration gloves are commonly worn to reduce hand-arm vibration exposure from work with hand-held vibrating tools when higher priority and more effective controls are unavailable. For gloves to be marketed as 'anti-vibration' they must meet the vibration transmissibility criteria described in the International Organization for Standardization (ISO) standard 10819 (2013). Several issues exist with respect to the methodology used for glove testing as well as the requirements for glove design and composition in ISO 10819 (2013). The true usefulness of anti-vibration gloves at preventing handarm vibration syndrome (HAVS) is controversial, given that their performance is dependent on tool vibration characteristics and the anthropometrics of workers in real working conditions. The major risk associated with the use of anti-vibration gloves is that it will give employees and employers a false sense of protection against the negative effects of hand-transmitted vibration. This commentary examines the limitations of the current international standards for anti-vibration glove testing and certification, thereby calling into question the degree of protection that anti-vibration gloves provide against HAVS, and cautioning users to consider both their benefits and potential drawbacks on a case-by-case basis.
Introduction
Workers exposed to hand-transmitted vibration from powered hand tools are at risk of developing neurological, vascular, and musculoskeletal conditions, collectively known as hand-arm vibration syndrome (HAVS). HAVS symptoms manifest themselves in the hands, fingers, elbows, and shoulders, and may result in reduction of grip strength, tactile sensitivity and functional dexterity, as well as cold-induced finger blanching and pain (Milosevic and McConville, 2012; Krajnak et al., 2015) . Anti-vibration gloves are used as a form of personal protective equipment, to reduce vibration transmission between tool handles and workers' hands, where higher priority, more effective controls are considered to be unavailable. While some studies support the vibration attenuating effects of anti-vibration gloves, others demonstrate the opposite-an increase in vibration transmission to the fingers (Krajnak et al., 2015; Rezali and Griffin, 2015) .
These conflicting findings may be influenced by several factors including variation in glove testing conditions, characteristics of source vibration, and tool operation. This commentary calls into question the testing procedure for anti-vibration glove certification, which further complicates the evaluation of the effectiveness of anti-vibration gloves at preventing the health risks associated with hand-arm vibration.
The International Organization for Standardization (ISO) standard 10819 outlines the testing procedure used to evaluate glove performance. Even though ISO 10819 is considered the gold standard of anti-vibration glove certification, there are limitations to its methodology. Controversy and skepticism surrounding the use of anti-vibration gloves is likely heightened by the requirement that they comply with the questionable criteria of the certification process. The key problematic criteria are described below.
Axis and Anatomical Location of Measurement
Although the quantification of hand-arm vibration exposure in the workplace involves tri-axial measurements, the ISO 10819 methodology for anti-vibration glove testing only requires palmar measurements in the z-axis, the direction of the forearm, for the measurement of the ISO frequency-weighted vibration transmissibility of a glove (ISO 10819, 2013) . This follows the assumption that a glove that is more protective according to palmar measurement will be more protective in its finger sections as well (Hewitt et al., 2014) . However, McDowell et al. (2013) and Welcome et al. (2014) have demonstrated that the vibration isolating effectiveness of a glove is contingent on the direction of the input vibration signal and the anatomical location of measurement. Because the dynamic properties of the fingers differ from those of the palm, vibration transmissibility through the same material can vary at different parts of the hand. Rezali and Griffin (2015) have found that vibration transmissibility in the palm is considerably less than in the index finger, concluding that glove performance differs with respect to position on the hand or finger. Thus, it is insufficient to evaluate a glove's protectiveness solely based on transmissibility measurements taken at the palm. It is especially important to account for vibration transmitted to the fingers since the principal health effects associated with hand-transmitted vibration occur there (Rezali and Griffin, 2015) . By not accounting for vibration transmission to the fingers, the effectiveness of anti-vibration gloves is subject to overestimation (Hewitt et al., 2014) .
Frequency Weighting
The current hand-arm vibration frequency weighting used by ISO was constructed based on comfort considerations and not the vascular, neurological, or musculoskeletal damage that occurs from hand-arm vibration exposure. A single frequency weighting scheme may not be able to adequately assess the various vascular, neurological, and musculoskeletal effects, which may vary in terms of frequency specificity (Bovenzi et al., 2015) . Vibration transmissibility in the palms is proportionally more reduced by anti-vibration gloves in the high frequencies, especially in the z axis (Hewitt et al., 2014) . However, the current ISO frequency weighting reduces the influence of high frequency vibration exposures (>160 Hz) to less than 10% of their actual value, thus increasing the likelihood that glove effectiveness will be underestimated (Hewitt et al., 2016) .
Comparing vibration transmissibility with and without frequency weighting suggests that anti-vibration gloves may be more useful than they appear and that frequency weighting may not provide an accurate measurement of their true performance. Nonetheless, it is unlikely that the frequency weighting model will be phased out in favor of an unweighted model, given that the European Union (EU) human vibration directive depends on the ISO hand-arm frequency weighting.
Averaging Transmissibilities
ISO 10819 measures frequency weighted vibration transmissibility in two vibration excitation spectra: TR M , the medium frequency range and TR H , the high-frequency range (200-1250 Hz) (ISO 10819, 2013) . According to the 2013 revision of the standard, a glove must reduce vibration in the mediumfrequency range (25-200 Hz) by at least 10% (TR M ≤ 0.90) and reduce vibration in the high-frequency range (200-1250 Hz) by at least 40% (TR H ≤ 0.60) to be marketed as 'anti-vibration ' (ISO 10819, 2013) . Given that these criteria are assessed based on root mean squared weighted measures of vibration transmissibility, a glove that amplifies vibration energy across certain frequencies may still be classed as 'anti-vibration' as a result of a compensatory averaging effect from its attenuation at other frequencies (Mansfield, 2004) . By depending on the average transmission of vibration over a wide range of frequencies, uncertainty of the true attenuation offered by anti-vibration gloves increases (Jonsson et al., 2016) . In circumstances where the resonance frequency of an anti-vibration glove corresponds to the natural frequency of the tool in use, anti-vibration gloves may present more risk than protection to the worker (Mansfield, 2004) . Since anti-vibration glove efficiency is tool and frequency specific, its use should be considered on a case-by-case basis, not solely based on its certification status (Dong et al., 2002; Jonsson et al., 2016) .
Inter-Subject Variability
Inter-subject variability with respect to the holding position of the handle accelerometer may influence vibration transmissibility measurements. Test subjects with an unstable stance tend to increase their grip force to the upper limit of the required 30 ± 5 N range, which may result in increased vibration transmissibility (Sampson and Van Niekerk, 2003; ISO 10819, 2013) . Furthermore, test subjects' postures and hand-placements on the accelerometer may not accurately represent the normal holding position of the tool by trained workers in real operating conditions (Sampson and Van Niekerk, 2003) . As well, ISO 10819 requires measurements on only five subjects, but an estimate of vibration transmission will be associated with considerable uncertainty if based on such a limited number of subjects. The precision of the estimate of transmitted vibration would be improved by using more subjects. Therefore, due to the small number of subjects and variability in the measurement conditions, the measured vibration could differ substantially and influence whether a glove meets the ISO 10819 antivibration requirements to be certified as 'anti-vibration' (Hewitt et al., 2014) .
Glove Composition
ISO 10819 requires that anti-vibration gloves be fabricated with the same vibration-reducing material in each section of the glove, and that the thickness of the vibration-reducing material in the fingers and thumb segments be at least 0.55 times the thickness in the palm (ISO 10819, 2013) . Increasing glove thickness has both benefits and drawbacks with respect to vibration isolation effectiveness. It offers damping at low-frequency vibration; however, this comes at the expense of heavier gloves and reduced practicality (Jonsson et al., 2016) . Increased thickness reduces the transmission of vibration to the palm, but increases transmission of vibration to the fingers, causes hand and arm fatigue, and reduces manual dexterity, tool control, and grip strength (Hewitt et al., 2014; Rezali and Griffin, 2015) . Grip strength reduction is an especially problematic effect of anti-vibration gloves, since it increases the required grip effort needed to steady vibrating hand tools (Hewitt et al., 2014) . This is counter-intuitive to the purpose of anti-vibration gloves, given that the increased grip force increases transmissibility, thereby puts workers at an increased risk of developing HAVS, as well as possibly impairs their ability to safely operate vibrating tools (ISO 10819, 2013; Hewitt et al., 2014) .
Anti-vibration gloves made of material with low dynamic stiffness have been recommended to workers. However, a recent study by Rezali and Griffin (2015) demonstrated that reduced dynamic stiffness is not a guaranteed benefit in that it has the potential to increase vibration transmission to the hand. The outcome depends on location of measurement (fingers or palm), glove material, and characteristics of vibration (i.e. the frequency spectrum).
Conclusion
Many gloves approved by the ISO 10819 are found to be ineffective, whereas several that are unapproved, are found to be beneficial (Rezali and Griffin, 2016) . In spite of the uncertainties associated with the effectiveness of anti-vibration gloves, glove use undoubtedly protects workers' hands from abrasions, cuts, burns, and chemical and biological exposures. They also help keep hands warm and dry, which contributes as a preventive measure against HAVS (Hewitt et al., 2014) . This commentary reveals some concerns associated with the use of anti-vibration gloves, based on limitations of ISO 10819. In order to address these uncertainties, glove assessment methodologies and requirements for certification should be re-evaluated, as the current gold-standard for antivibration glove certification may be providing employers and workers with a false sense of safety.
